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Cloning and Functional Analysis of a Multiple Stress-inducible 


LeMTshsp Promoter from Tomato ( Lycopersicon esculentum) 


YI Shu-Ying, SUN Ai-Qing, ZHAO Chun-Mei, LIU Jian - 
( College of Life Sciences, Shandong Normal University, Лпап 250014, China) 


Abstract: Based on the Southern blot analysis results, the Kpnl and EcoRI restriction enzymes were selected to digest 
the genomic DNA of a cultivar of tomato ( Lycopersicon esculentum Mill . CV . zhongshu 4) . The 3 kb bands of the digested 
genomic DNA were inserted into the pBSIl KS ( + ) vector . As a result, a plasmid library was generated containing about 
2 kb of the 5 -flanking sequence of the mitochondria-localized small heat shock protein gene ( LeMTshsp) . A 1915 bp of the 
5 -flanking region of LeMTshsp was isolated from the plasmid library by nested PCR (GenBank accession number 
AB239774) . The 5 -flanking region of LeMTshsp contains putative TATA box, CAAT box, a total of six HSEs and several 
AT-rich regions . Additionally, there are some transcription factor binding motifs related to stress response, such as ABA- 
responsive element [ ABRE], C-repeat. DRE and activating protein binding sites [ AP-1] . Electrophoresis mobility shift 
assay (EMSA) showed that the purified HsfA2 protein bound specifically to HSEs of the LeMTshsp promoter in vitro, and 
bound strongly to the proximal five HSEs than to the distal HSE . The fusion construction of LeMTshsp promoter- gus (B -glu- 
curonidase) was introduced into tomato using an Agrobacterium -mediated transformation . The resistant transgenic plants 
were selected on the MS medium containing 50 mg/L kanamicin. PCR analysis showed that the chimeric gus gene was inte- 
grated into the tomato genome . By using the gus reporter gene system, the LeMTshsp promoter dynamics was explored un- 
der stress conditions . After heat, cold, exogenous ABA and heavy metal (са А Q* , Pb or Zn“ ) treatments, GUS 
staining was detected in the leaves and roots of transgenic tomato plants . The activity of the LeMTshsp promoter under heat 


shock conditions was comparable to that of the constitutive CaMV35S promoter . All these results show that the LeMTshsp 
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promoter is a promoter responding to heat, cold, exogenous ABA and heavy metals . 


Key words: Tomato; Mitochondria-localized shsp; Promoter; Stress; Clone 
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Fig.1 The result of Southern hybridization 
The genomic DNA (10 ре) was digested with EcoRI ,  Hindll , or 
double digested with EcoRI and various restriction enzymes . 1. EcoR 
| ; 2. BamH| /EcoR| ; 3. Вей І /EcoR| ; 4. Kpnl /EcoR 
| ; 5. Pstl / EcoRI 


8. Xbal / EcoRI 


; 6. Sad /EcoR| ; 7. Spel / EcoRI ; 
; 9. Xhol /EcoR| ; 10. Hindll . The left 
numbers represent DL15000 DNA marker . 
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ббТАССАААА CTTCCTCATT TCCTTTCTTG TAGAATGAGG GCAATGACCA GTTGGCCTTC CTCTTTTACT ТОСОСТТТТТ АСССТААААС TCAAATTAGT 
GTGCATATTA GTGCACCTTT TTGGTCCTAT TTTGGGTAGG TGGCTGCTAG ATTTGTACTA ССАТСТСАСТ TCTCTTATAC АТТТТАСТОС TTTTTCAAAA 
CCAAAAAAGG TGAAATACCT GACTTAACTA CAGGATG JAA ATTTAAAAAT GTTTIGGTGT ATGAGGCAGT GATACTGGTG TCTTAGTTGA CATAGCGCTA 
AP-1 
GOCAGGTTAT ТТТОАООТТТ TGCTTTG7 7A AAAAGTTAAT GAACAAAGCA GTCATGTATG TGTTTGTCGG TTAAGCATCA GTCAGACGAA AGCACTTCTT 
C-repeat DRE АР-1 
AAGGTTTGTG GTTGCATTAT GTTATGTCTA CTAAGAACAA ATTAGAGAAG GAAACGTAAG GATTAAAATT CCCGATTGGC TTTCCAATTG GATTACTTGC 
TTCAACTATG TTCCCCCTTC TTCAGCAAAA GCTTTTGTGT TTCCGGTTTO СТААТТТТОО CACTTCTGGA AATGGACACC TACTATTTAT CATCTAGTTA 
CTCTGGTTTT ATGACCTTCT AGATTCCTTT GATCTTTTGA TGCTTAGAGT TACAGACTCG ATCTATAAAT ATGTCCAAAA GGATATATAG GCCTGCTTTC 
TTATTGCAGT TGATATGACT AAACAGAACT TTGTAAATTT CAGGCAAAAT CGGTTATTTC CAGATTGGTG GCTGAAAAGG CTGCTGCCCT TCAGCAGAGC 
ААСАААСТТС GTCAAGAGCT GGTGAGCTTT TATCTTTGTT TCTTTGATTT CTTTTTCATG TAGCCTAAAA TTCCAACGCT TTTCTGTCAT ТСТТТСССАТ 
CTTTGGTTTT GTTTTTCTTT TCTCCTGATT AGTCCAGGTC TCATTCTTGT GG77AMAACT TTAAACAATG TCTGTCTCTC AACAGTTTGG GTCTGACTGT 
TTGTTATOCT TTAGTCACAA TGOTOTACHT САТБААТСАТ СААТСОТТТТ TGTAGGAACT TGTAAAACGT GATATGACTA GAAGTOGGCAG AGGTGGCGTT 
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Fig. 2 Sequence analysis of LeMTshsp promoter in tomato 
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The putative TATA box and CAAT box are shown in italic letters with underlining . Putative transcriptional cis sequences (HSE, activating protein 1 


[AP-1], 


consensus GAA/TTC. The putative AT-rich regions are shown in italic and bold letters, 


ABA-responsive element [ABRE], C-repeat DRE) are indicated with underlining . Rectangular frames designate matches to the core 


and the ATG start codon is shown in bold letters . 
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Fig . 3 The result of electrophoresis mobility shift assay 
Labeled HSE fragments (0. 5 ng of promoter fragment Н5Е1-5 or HSE6) of 
the LeMTshsp promoter were incubated with increasing amounts of the pu- 
rified HsfA2 (5Hg and 10Ug) . As a specific competitor (in Lane 1 and 
4), a 100-fold excess (50 ng) of unlabeled promoter fragment Н5Е1-5 or 
HSE6 were used . Lanes 2 to 3, the labeled fragments Н5Е1-5 were in- 
cubated with increasing amounts of the purified HsfA2 protein (5 ие and 
10uUg, respectively) . Lanes 5 to 6, the labeled fragments HSE6 were 
incubated with increasing amounts of the purified HsfA2 protein (Sug and 

lOng, respectively) . The arrow points to the specific HsfA2:: DNA 


complexes mentioned in the text . 
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Fig.4 Diagram of the plant expression vector LeMTshsp: : GUS 
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Fig. 5 РСК analysis of transgenic tomato plants 
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M . DL2000 DNA marker; 1 . Positive control, plasmid; 2-13 . Trans- 


genic tomato plants; ck . Negative control, untransformed tomato plant . 
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Fig.6 GUS staining in transgenic tomato leaves and roots after various stress treatments 


A . GUS activity in pBI121 transgenic tomato leaves at normal temperature . B-H . GUS activity in. LeMTshsp: : 


GUS transgenic tomato leaves after various 


stress treatnents: B . Leaves at normal temperature or heated at 39°С for 3h; С. Leaves treated at 2?C for 48h; D . Leaves treated at 0.10 mmol/L 


ABA for6h; Е-Н. Leaves treated by Cd* (E), Си” (F), Pb (G) ог 2п2* (Н) respectively. I . GUS activity in pBI121transgenic tomato roots 


at normal temperature . 


J-N . GUS activity in LeMTshsp: : GUS transgenic tomato roots after various stress treatments: J . Roots at normal temperature; 


К. Roots heated at 39°C for 3h; L. Roots treated at 2°C for 48h; М. Roots treated by 0. 10 mmol/L ABA; М. Roots treated by 0.20 mmol/L РЬ“ . 
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